GLOSSARY
propagation. While this is well known qualitatively, there is a paucity of experimental data describing the actual relationships. Here, we reiterate the qualitative relationship to guide our quantitative understanding. These dynamics result from currents flowing along the direction of propagation (i.e., axial) and currents across the cell membrane (i.e., transmembrane) as shown in 
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MEASUREMENT OF ANISOTROPY RATIO
Because the anisotropy ratio (AR) values were used to scale I m for transverse propagation, we computed AR from the ratio of conduction velocities (CVs) resulting from elliptical wave propagation (from a small unipolar electrode placed temporarily in the center of the recording area at the beginning of each experiment).(S2) Figure S2 . Isochrone maps from a 1 cm x 1 cm region from an isolated rabbit heart indicating the position of the wave front at 1 millisecond intervals for propagation from a central unipolar electrode, shown by an asterisk. The isochrone map demonstrates elliptical wave propagation indicating fiber direction.
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CHARACTERIZATION OF MICROELECTRODE RECORDINGS
The characterization of transmembrane currents during depolarization at physiological temperatures requires high fidelity signals at fast acquisition rates because these currents are computed from the first and second derivatives of the microelectrode recordings. Therefore, the effects of sampling rates on V m signals in the form of signal-to-noise ratio (SNR), derivatives, and Fourier transforms are shown below in Table S1 , Fig kHz ranged from 86 to 113. The effect of sampling rate is presented by "downsampling" via averaging successive data points (e.g., downsampling by a factor of d=8 yields an effective sampling rate of 25 kHz). This is functionally equivalent to low pass filtering the data and resampling at a lower frequency.
The first and second derivatives of V m during depolarization are shown for a typical signal (median signal-to-noise ratio) in Fig. S4 . The effect of sampling rate on these derivatives is shown by "downsampling" (via averaging of successive points) the original data acquired at 200 kHz to effective sampling rates of 100, 50, 25, 12.5, and 6.25 kHz. Fig. S4 and Table S1 demonstrate the trade-off between the ability to reliably compute maximum derivatives and decreased noise resulting from downsampling. The maxima of first and second derivatives cannot be accurately computed from signals above 25 kHz due to the high frequency noise content of these signals. First derivatives are reliable for this example at 12.5 to 50 kHz, while 12.5 to 25 kHz appears appropriate for second derivatives. The maxima values computed for this S -6 experiment (Gaussian filtering to 20 kHz and two-point central difference; see Methods) are shown in Fig. S4 as solid horizontal lines for comparison. The effect of computing derivatives using more than two points on all waveform parameters is provided in Table S2 . Fig. S4 S -7 Figure S3 . Action potential versus time and Fourier transform amplitude versus frequency for a typical (median SNR) V m signal (ensemble average) for original and downsampled data (LP). Figure S4 . Effect of sampling rate. First (A and B) and second (C and D) derivatives of V m for original LP downsampled data (ensemble average data in A and C; one beat only in B and D). The horizontal dashed lines correspond to the peak values computed for this experiment. Not all data are plotted because some traces were dominated by high frequency noise (e.g., d=2, and 4 in D).
S -8
S -9
In the paper we computed derivatives with a central difference method using two points as follows
This is the minimum number of points necessary to compute a derivative, and the central difference insures that there is no phase shift between the signal and its derivative. The results from this minimal derivative calculation are adequate to perform all the analysis for the rapid depolarization process, as shown in Fig. S5 . Here we assess the effect of using more data points and smoothing to compute derivatives, which is often done to deal with the high frequency "noise." The first-and second-order derivatives were recomputed from the microelectrode recordings using 5 data points equal to 0.25 ms, and 11 data points equal to 0.55 ms, respectively, via the Savitzky-Golay smoothing method using a second order local polynomial regression around each point. The effect of this minimal smoothing is shown for all transmembrane currents for both longitudinal and transverse propagation in Table S2 and Fig.   S5 . The amplitude of all currents decreased due to the smoothing; the first derivative effects (i.e., I c ) were minimal (<5%), while computations involving second derivatives (i.e., I m and I ion ) had discrepancies up to 40%. The durations of I m and I ion were increased over 50% due to the second derivative smoothing. The average time courses of all three currents are shown in Fig. S5 using the central difference method (black squares) and the smoothed derivatives (red circles) for both LP and TP. Consistent with Table S2 , the images in Fig. S5 demonstrate that even minimal smoothing can reduce peak heights and increase the widths, supporting our decision to conduct our analysis without smoothing. Figure S5 . A comparison of the three currents computed with and without minimal smoothing (described in text above). The signals from each experiment were aligned to time (t) equal to zero corresponding to maximum of I c and then averaged (error bars indicate standard error of the mean).
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UNCERTAINTY OF C m AND D i OF VALUES
We have assumed constant values for specific membrane capacitance, C m (1 F/cm 
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COMPARISON OF I ion AND I Na IN SIMULATIONS
While the inward sodium current (I Na ) is of greater interest than the total ionic current (I ion ), as we discuss in the body of the paper, it is not yet possible to measure I Na in wave fronts freely propagating in bulk tissue. In this paper, we show that it is possible to determine I ion , which in some circumstances can serve as a surrogate for I Na . However, I ion is not exactly the same as the inward sodium current (I Na ), although their peak values (minima) were within 2% of each other. I ion represents the ionic current of all species and may not be equal to zero before the maxima of I c if I m and I c are not equal and opposite. I ion and I Na for the simulations of the three models are shown below in Fig. S8 . There is a slight increase in I ion but not I Na before I ion becomes inward (negative), but these maxima are all less than 1% of the peak inward ionic current I ion . This difference is certainly less than our experimental uncertainty. 
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EFFECT OF WAVEFRONT CURVATURE
In this manuscript we have attempted to reduce the complexity of three-dimensional propagation through the heart with complex fiber orientation via experimentally generating plane waves from the epicardial surface. By generating planar waves via multiple stimulus electrodes at a significant distance (multiple length constants) from the microelectrode site, our approach minimizes the effects of wavefront curvature and transmural effects. We recognize that there is a transmural component to the wavefront that we have neglected but there are few, if any, alternatives. During VF we have excluded b from our analysis beats that exhibited highly curved isochrones at the site of the microelectrode impalement (see Fig. 7 ).
Here we present an estimate of the effects of wavefront curvature that arise due to non-planar epicardial propagation and during transmural variations of CV. In the simplifying case of isotropic tissue, the effect of local wavefront curvature I m for both of these situations studied by analyzing the Laplacian in cylindrical coordinates using: [Eqn. S3] This equation is similar to [Eqn. 4] in the manuscript. Wavefront curvature () is defined via a paramaterized second derivative by fitting a circle of radius R to every point on the front, i.e.,  Figure S10 . Epicardial and transmural views of a hypothetically curved wavefront, demonstrating epicardial (Top) or transmural (bottom) curvatuire.
